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Background
Science, with its development and its potential to contribute to national economies, is a
political priority throughout the world. 
Science education is viewed as the route through which nations imagine they can gain a
larger slice of the global economies that are derived from science. Such ambitions are
global and are found across the political and geographical spectrum. For example,
President George W. Bush announced the American Competitiveness Initiative in the 2006
State of the Union Address. This is designed ‘to encourage innovation throughout our
economy, and to give our nation’s children a firm grounding in math and science... we need to
encourage children to take more math and science, and to make sure those courses are
rigorous enough to compete with other nations. . .If we ensure that America’s children
succeed in life, they will ensure that America succeeds in the world.’ On the other hand, the
leader of the Islamic Revolution in Iran, Ayatollah Seyyed Ali Khamenei, was reported as
asserting that ‘one of the most important issues in safeguarding the national identity,
independence and glory is taking scientific research seriously.’ (Iran Daily, 2007)
Science is already a significant part of Scottish heritage, its future and its economy. BBC
(Scotland) News reported on 7th May 2007 the creation of ‘A state-of-the-art life sciences
centre [that] could boost the Scottish economy by £350m every year and create 6,500 jobs.’
On 20th May 2007, they reported that ‘The life sciences sector contributes about £1bn to
Scotland’s economy . . . the industry employs an estimated 30,000 people, across more than
590 organisations.’ The Scottish Executive (2001, online) determined that ‘Our children
must receive the highest quality science education, and our further and higher education
institutions must be able to produce the scientists of tomorrow.’
‘Science and innovation are the cornerstones of Scotland’s future. They are fundamentally
important if we are to grow our economy and raise our quality of life. Scotland’s challenge is ➥
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entrants met entrance requirements for science degrees. All of this emphasises the
increased scientific capability of the entrants to the primary teaching force. 
Attainment by subject and level
While we should be encouraged by the rise in overall attainment and the proportion of
entrants following the sciences during the period since Harlen’s (Harlen and Holroyd,
1997) study, we should note concerns about the continuing imbalance between life and
physical sciences. It appears likely that their confidence will remain highest in the life
science area. The mode (28) relates to the number of UCAS points awarded for a Credit-
level Standard grade pass at Band 2.
Science in the primary school
The recommendation made by the Scottish Science Advisory Committee (2003) that ‘All
primary schools should either have an appropriate number of teachers with specialist training
to teach science at primary level . . .’ lies at the heart of future progress. Their suggestion
that this might be best achieved by involving ‘science teachers from neighbouring secondary
schools . . .to advise and assist with science classes in the primary schools’ does not represent
the most effective way forward. While this might be of some value at the transition stages
between P6 and S2, the distinctive pedagogy of the primary school requires appropriate
specialist training. Specialist laboratory accommodation is not required for teaching
science effectively in the primary school; such provision could force science out of the
‘normal’ classroom, compartmentalise science experiences and deny opportunities for
spontaneous enquiry. Investment in training and resources is the key to progress.
The concerns expressed by Harlen et al (1995) might remain in relation to the lack of
confidence and background knowledge (notably in the physical sciences). ‘Three of the
four most recent graduates were critical: their scientific understanding had not been advanced;
the component had been “terrible”, “very short”, with methodology taught but not illustrated...’
(Harlen et al, 1995: 50). ➥
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Discussion
Local Schools
Greater Glasgow is served by four local universities. It is also the most densely populated
part of Scotland, with around 45% of the total population estimated as living there by the
General Register Office for Scotland in June 2005. In Scotland, the prevailing situation is
that high proportions of undergraduates choose to attend the local universities. The
University of Glasgow takes around 60% of its undergraduate applications from the former
Strathclyde region of Scotland. Paisley University (recently merged to become the
University of the West of Scotland) has the highest proportion of ‘local’ undergraduate
applications at around 85%; Glasgow Caledonian takes 77%, while the University of
Strathclyde is fairly consistent at around 73% of all undergraduate applications.
Entrants’ science capability
The capability far exceeds Harlen and Holroyd’s (1997) projection of ‘teachers entering
primary schools with a minimum of one Standard grade science pass’. All but 24 entrants to
the University of Strathclyde’s BEd primary degree in 2006 had gained UCAS Tariff points.
These 176 undergraduates possessed 453 science passes (SQA or equivalent); that is 2.6
per entrant on average. The average numbers of awards is encouraging, as is the high
proportion of these that are achieved at high grade or above. It should be noted that
additional science achievement would be contained within the study group, since a
number of entrants came via the Scottish Wider Access Programme (SWAP). SWAP works
in partnership with the colleges and universities of Scotland to provide a route into higher
education for adults with few or no qualifications, or out-of-date qualifications. Biology
was most frequent, followed by chemistry, and then physics. Two hundred Higher grade
passes in at least one science subject had been gained by 110 entrants. The mean
recorded for UCAS Tariff points (133) could be described in a variety of ways, but it is
worth noting that this is equivalent to 2 Higher grade passes with B grading. Many of the ➥
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Chart 2 summarises the UCAS Tariff points for all science subjects held by BEd (primary)
entrants in 2006:
Table 2 records summary statistics for the UCAS Tariff points for all science subjects held
by BEd (primary) entrants in 2006:
➥
120
100
80
60
40
20
0
Biology Biology Biology/Human Chemistry Chemistry Chemistry Physics Physics
Advhigh/GCSE A Standard Bio Higher/AS Advhigh Higher Standard/Int2 Higher Standard/Int2
Chart 2: UCAS Tariff Points (Science subjects BEd entrants 2006)
Table 2
Mean 133.4
Median 118.0
Mode 28.0
Standard Deviation 91.8
Minimum 28.0
Maximum 410.0
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* includes 17 Awards in Human Biology
Chart 1 summarises these findings: 
➥
Table 1 Biology Chemistry Physics
GCSE A Level 1
SQA Advanced Higher 14 7
SQA Higher 95* 55 28
SQA Intermediate 2 10 12 4
SQA Standard 84 72 35
Totals 187 146 67
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Chart1: Awards by subject and levels for science subjects held by B Ed (primary) entrants in 2006
Note: Three subject groupings ar indicated: biology (including human biology at Higher grade), chemistry and 
physics; equivalent levels have been merged)
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Findings
Summary
● BEd entrants originated from 113 schools, centres or pathways; 81 of those were
geographically located in the former Strathclyde Region; 
● 2871 awards were reported for all subjects and levels of study and 1177 of those were a
Higher grade and above (41%);
● 145 entrants (82%) possessed UCAS points in all science subjects;
● 453 awards were made in science subjects (15.1%) of all reported awards – this
represents an average of more than 2.6 awards per entrant;
● 200 of these were at Higher grade or above (44%);
● Biology was most frequent (187 awards at all levels including 17 in Human biology);
physics was least frequent (67 awards at all levels), and chemistry included 144 awards
at all levels; and
● UCAS points were not recorded in 24 cases.
Table 1 shows the attainment by subject and level for award. 
(Note that ‘awards’ is taken to be attainment at a grade and level for which UCAS points
may be awarded. Note also that the source data indicated even greater numbers of each
subject and level studied through non-standard awards, principally by entrants through
the Scottish Wider Access Programme.)
➥
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Methodology
Scientific capability
In this context we use the term to describe the previous attainment through national
examinations in science subjects. The academic qualifications of entrants to
undergraduate programmes throughout the UK are available from UCAS and university
registration data.
UCAS Tariff 
UCAS Tariff provides a useful basis for comparison, since it is a points system used to
report achievement for entry to higher education (HE) in a numerical format and provides
comparisons between applicants with different types and volumes of achievement. UCAS
Tariff points were awarded to each valid award. The points awarded for Scottish
Qualifications ranged from a maximum of 120 for an A grade at Advanced Higher grade,
to 28 for a Standard grade pass at Band 2. (Higher grades are awarded 72 points for an A
and 48 points for a pass at C level.) Data relating to entrance qualifications were extracted
from all 176 entrants to the Bachelor of Education programme at the University of
Strathclyde in September 2006.
Purpose of this study
Harlen and Holroyd (1997) predicted that this curricular change would result in teachers
entering primary schools with a minimum of one Standard grade science pass. The
purpose of this study is to test this assertion, as well as providing a baseline analysis of
the extent to which scientific capability has changed since the initial study period in BEd
students at one university as indicated by UCAS Tariff points.
➥
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The memorandum insists that applicants for four-year BEd courses must have:
‘National Qualifications Course awards at SCQF Level 6 . . . in at least three subjects
(one . . .must be in English); and
National Qualifications Course awards at SCQF Level 5. . in two other subjects (one of
the awards must be in mathematics).’
Selectors are also required to make sure that applicants have sufficient breadth in their
educational background.
Requirements for initial teacher education courses
Courses leading to a teaching qualification are required to conform to the Guidelines for
Initial Teacher Education Courses in Scotland (Scottish Office, 1999), which are currently
under review. These ‘guidelines’ do not involve the statutory requirements of elsewhere in
the UK. They require a curriculum that ensures that: (Para. 2.1) ‘New teachers must . . . be
able to teach the full range of subjects covered in the 5-14 national guidelines’, and clarifies:
(Para. 2.2) ‘Within the 5-14 curriculum . . . new teachers must also be able to plan and deliver
teaching programmes for environmental studies (social subjects, science, technology,
information technology, and health education); . . .in planning for these areas, new teachers
must have the knowledge, understanding and skills to access and use the national guidelines
and the additional advice on Level F.’ Further advice is offered on balance of subject studies
and specialist study as well as stage-related requirements.
Little advice is offered on the extent, nature or particular pedagogy of providing secure
learning and effective teaching in science.
➥
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were more confident, overall...’ They went on to demonstrate that science background
impacted positively on confidence in terms of knowledge, process and, to a much lesser
extent, professional skills as defined by the study. The study reported that 17% of primary
teachers had gained a science Higher grade, 18% one Ordinary grade, but that the
overwhelming majority, 61%, possessed no formal science qualifications. They reported at a
time during which the products of the Munn Curriculum (Scottish Education Department,
1977) were entering higher education. This shaped the 14–16 secondary curriculum and led
to the introduction of Standard grade courses and certification for all. The prescribed
curriculum required all students to follow at least one Standard grade subject in a science. 
Entering an initial teacher education programme in Scotland
The requirements for entrance to initial teacher education courses in Scotland are agreed
annually between the stakeholders – the universities, the Scottish Government, the General
Teaching Council for Scotland and Her Majesty’s Inspectors of Education. The
Memorandum (2005) describes minimum entry requirements for admission to train as a
primary teacher. These are described in terms of The Scottish Credit and Qualifications
Framework (SCQF). Qualifications and programmes within the SCQF are described in terms
of their level and number of credit points. The following levels were of particular interest to
this study since, for comparative purposes, they were translated into UCAS Tariff points.
SCQF Level 7 Advanced Higher grade
SCQF Level 6 Higher grade
SCQF Level 5 Credit Awards at Standard grade
➥
Scientific capability 
and BEd undergraduates
Page 13 ● Management of Science Teacher Education ● STE ● No 51 ● April 2008 ● Return to Contents Page
to become a “science nation”. We need to make certain that all parts of education, the
economy and Government are working together, with the same passion and commitment to
science and innovation.’ (The Scottish Executive, 2006, online)
The recent Curriculum Review has included science in the first wave of the development,
emphasising its importance. ‘A Curriculum for Excellence’ was designed to provide explicit
statements of the aims of education in Scotland. The purposes are defined as ‘capacities’
that would enable all young people to become successful learners, confident individuals,
responsible citizens, and effective contributors. At the time of writing (February 2008),
opinion is being sought about the suitability of proposed draft outcomes for science.
Scientific capability was outlined by Tom Bryce (1996), when describing the Scottish
Consultative Council on the Curriculum principles for effective science education that
focused on the overall goal of ‘scientific capability’ – five aspects of capability (Scientific
Curiosity, Scientific Competence, Scientific Understanding, Scientific Creativity, and Scientific
Sensitivity). While it is disappointing that the ideas contained within the paper did not
receive greater prominence in curriculum planning, it can be assumed that formal science
study includes various degrees of each of those aspects.
Confidence and understanding in teaching science and technology 
in primary schools
Harlen, Holroyd and Byrne (1995) researched ‘the extent to which initial training courses
provided for teachers to develop their own understanding of science and technology.’ They
classified the study group as those who had ‘some science’ (‘some science’ was interpreted
as possessing at least one SCE Ordinary grade in a science subject); and those who had 
‘a lot of science’ (applying to those who had at least one Higher grade pass in a science
subject). SCE Ordinary grade and Higher grade examinations were the prevailing Scottish
qualification at the time of the study. They reported that ‘more recently qualified teachers
➥
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Recommendations
It is central to achieving the aims and purpose of the Science and Innovation Strategy that
investment is made in initial and continuing teacher education for primary teachers. 
This requires:
● A review of the Entrance Memorandum for Entrance to Courses of Initial teacher Education
to explore the level and range of science that might be required on entry to ITE
programmes in primary education;
● A review of the Guidelines for ITE in Scotland to extend the position of science education
and with appropriate emphasis on pedagogical theories and practice;
● A national programme to be established to provide CPD for all primary teachers in
science (most notably in the physical sciences); and
● Graduates from such programmes to advance on the salary scale within current
arrangements for those progressing in the Chartered Teacher Programme.
The extent of change in scientific capability as demonstrated by this paper suggests 
that a repeat study of primary teachers’ confidence and understanding in science is
overdue in Scotland. The time is right. This should not be missed by those who are
planning ACfE or indeed the planners of programmes leading to a teaching qualification in
primary education.
➥
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